Armed Forces College of 
Medicine 
AFCM 


9/19/24 Neuroscience module 


9/19/24 


Lecture 2 
Sensory receptors 


Dr samar el ghotny 


Professor of physiology 


Neuroscience module 


he end of this lecture you must be able to: 

1.Define sensory receptors. 

2.Classify receptors according to the type of 
the stimulus. 

3.Name the properties of sensory receptors, 
and explain specificity. 

4.Describe receptor potential . 

5.Describe the relation between the sensation 
& the frequency of discharge in a sensory 
nerve & the intensity of stimulation. 
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Sensory receptors are specialized 
structures that act as both: 


2 Transducers: They 
Detectors: They convert the 
detect changes in energy of the 


the external or change they have 
internal detected into 
environment of the electrical 
body. impulses. 


LocatioRBypes of receptors 


They are located at the peripheral ends of sensory 
neurons (specialized cell), mainly tn receptors that are 
concerned with vision, hearing, equilibrium & taste. 


Or, they may be a part of the neuron itself 
(examples cutaneous receptors & Pacinian corpusles 
(touch receptor). 


Lid are 1 structures, since they respond to 
dime Vegenerating an action potential . 


RECEPTORS 
http://lpc1.cloccd.cc.ca.us/lpc/jgallagher/Physio/Chapter%206%20Homeostas 


can be is, %20Part%202.pdf 


Cell membrane or Specialized cells or structures 


intracellular receptor that convert various stimuli 


proteins into electrical signals. | 


are in or close 
to the brain. 


Peripheral receptors 
lie outside the brain | 
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So, According to the type of 
stimulus, receptors can be 


T Senet — vibration | 
1) 2 2 an 
NE E . . eee l stretch 
Respond to 过 
mechanical epidermis 
stimuli and 
include: — 
> Touch, pressure 
and vibration sensory 
receptors located Meissner Fetinen Merkel Font = 


corpuscle corpuscle disks endings 


In the skin. cience module https://posturepro.co/tag/add/ 


httos://www.exploringnature.org/db/view/Touch 


Sense Organs of the Skin 


©Sheri Amsel - www.exploringnature.org 


777770 
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hypodermis 


thermoreceptor Meissner's Corpuscle nociceceptor Pacinian Corpuscle 
senses heat or cold senses touch senses pain senses pressure 
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Sensory neurons 


Muscle 
Muscle spindle 


Golgi tendon organ 


httos://www.rock-cafe.info/suggest 


6570746f7273.html 


Nerve fiber of 
afferent neuron 


http://niederlande-infos.info/167909-golgi-tendon-org 
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Muscle 


> Barorecepto > Stretch receptors 
rs located in located in the alveoli 


the aortic of the lungs and 
arch and _ riaht atriu 


arri 


Internal carotid artery 


X vagus nerve 
一 Sensory pathway 


99 
(A 


motor pathways 


External carotid A — ! 
Carotid sinus — vi Carotid barorecept 


— Carotid body 


(chemoreceptor) 


Common carotid 
artery 


Aortic body 
Right subclavian SS 
artery 


Aortic 
chemoreceptor— 


stretch receptors 


external intercostal of atvactl 


muscles 


intercostal nerve 


Aortic a 
baroreceptor ^ | Y ew 
7 y 一 一 一 Heart 


phrenic nerve LP» diaphragm 


http://misa.ie/wp-content/up loads/2019/03/Vascular-brain-ageing.pdf 
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2)Thermoreceptors : 


Stimulated by thermal form of energy and detect 
changes in temperature and include: 


Cold receptors. 了 


neurons T 


=a j Ea -i s 
Projection $ j "i 


neurons — 


He | Mixed | cota 


To F Brain 


tps: is. z -how-the-brain- 
es-hot-and- -cold/ 
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Antenna 


Warmth receptors. 


3) Chemoreceptors 
Stimulated by chemical forms of energy as taste, 


smell, and oxygen content in the blood; 


ste e flash/2013/the-bittersweet-truth-of-sweet-and-bit https://www.noibaiairporttransfer.com/cell-diagram-quiz 


Limbic system of the brain 


Olfactory bulb 


Nasal cavity 


Aromatic substances 


Circumvallate papillae 
Foliate 
papil 


Fungiform papillae 


Filiform papillae 


Olfactory 
neurons 
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4) Nociceptors : 

Stimulated by any form of 
energy potent enough to cause 
tissue damage. 


Pain receptors Axon of Cell body of 


in skin afferent neuron interneuron 


Cell body 
of afferent 
neuron 


Axon of 


efferent neuron Spinal cord 


Cell body of 
efferent neuron 


Direction of 
impulse 


Muscle contracts and withdraws 
part being stimulated 


http://d92220ac.beget.tech/bank/838-A-que-se-llaman-actos-refle 
jos.html 
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5) Electromagnetic receptors : 
Respond to the electromagnetic 
waves of light. Include the rods and 

cones in the retina of the eye. 


Photoreceptor Cells 


httos://www.slideteam.net/tag/retina-powerpoint-templates-ppt-slides-image 
s-graphics-and-themes/ 
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a. Differential sensitivity (specificity) 


b. Excitability 


c. Adaptation 
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a. Differential sensitivity 
(specificity) 


The sensory 


Each receptor fibre from the The <cencation 


is most receptor 
sensitive to terminates in 0 E 
one particular an area of the stimulation of 
type of brain that 


a receptor is 
called modality 
of sensation. 


stimulus called gives the 

its adequate sensation 

stimulus. perceived by 
the receptor. 
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specific type of stimulus called its 
adequate stimulus giving rise to one 
type of sensation regardless of the 
method of stimulation because the 
sensation perceived ee on the 
/ area in the brain ultimately activate 
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Q. 


p. https://slideplayer.com/slide/5689809 


> At rest, the receptor is in the polarized 
state (with a resting membrane 
potential about -70 mV). 


> However, if it is stimulated by 
inadequate stimulus, it is partially 
depolarized due to increased Nat influx 
secondary to Na+ channel activation. 
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https://slideplayer.com/slide/5689809/ 


Voltage-gated 
Ma- channel 


EJ Action potential 


recept 

(modified 
ending of 
afterent neuron) 


(a) Receptor potential in specialized afferent ending 


neuron fiber 


Chemically gated 
Neurotransmitter receptor-channel 


(b) Receptor potential in separate receptor cell 
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This state of partial depolarization of the 
sensory nerve ending is called the 
receptor or generator potential, and its 
magnitude is proportionate to the 
intensity of the stimulus (it increases with 

ne in pase C nreshold c ne IML 


e receptor potential is passively conductec 
to the first node of Ranvier (by local circuits of 
current flow) causing its depolarization, and if 


this reaches the firing level (Summation of the 
receptor potentials), it initiates an action 
potential that is propagated via the afferent 


= 
— 
= 
2 
=) 
+ 
© 


rof-hisham-al 


layer.net/42435167-Pain-and-anal 


9/19/24 


Afferent 
terminals 
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segment 
of axon 


Threshold 


Receptor; 


denes nnno 


https://www.medicinebau.com/uploads/7/9/0/4/79048958 peat _SYS 
tem-slides.pdf 
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Properties of the receptor potential 


It is a local, unpropagated potential 
whereas action potentials are propagated. 


It is a graded potential i.e. it does not 
obey the all or none rule. 


E 
It is not blocked by local anaesthetics, 


whereas action potentials are blocked by 


these drugs. 
oaule 23 
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c. Adaptation: 


This is a decline in the 
frequency of discharge of 
action potentials from 
receptors that occurs on 
maintained stimulation by 
constant strength stimull. 
Its degree varies with the 
type of receptor. 
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Spidly in spite of maintained 


stimulation. 


Example: touch receptors 
(particularly Meissner's and Pacinian 
corpuscles), the rapid adaptation of 
which is important to avoid 
unnecessary and excessive 
sensations that might be irritating 
(e.g. there is no need to continuous 
information of the CNS about the 
presence of clothe 
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2. Slow! adaptin 9 receptors (tonic 
= because they continue 8 
as long as they are stimulated. 
* They include mainly the pain 
receptors muscle spindles In which 
the slow adaptation is important 
because the continuous discharge of 


the pain receptors elicits protective 
reflexes that prevent tissue damage 
by noxious agents while that of the 
muscle spindles allows the CNS to 
人 2 ag 1 
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Can potentials 


Resting QI Tonic receptor — 
membrane 


slow-adapting 


potential * 


U | | | Phasic receptor — 


fast-adapting 


„ e m 


Pd Ee 


Mechanisms of adaptation 
1 Gradual closure of the Na+ channels (which 


decreases the magnitude of the receptor 
potential and, consequently the frequency of 
discharge). 


Gradual decrease of the excitability of the 
first node of Ranvier. 


3 


2 
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It is the ability of the nervous system to 
discriminate (or identify) the modality, 
locality and intensity of the various 
sensations, although all types of 
sensations are transmitted from their 
receptors to the higher centers via 
specific sensory pathways in the same 
form (i.e. as action potentials). 


Modality discrimination (Specificity 


Discrimination of the 
modality of a sensation 
by the brain depends 
on the adequate 
stimulus to which the 
receptor is specialized 
and on the area of the 
brain ultimately 
activated. 


b. Locality discrimination 
projection): 


of e and it is 
clear in patients whose 
limbs are amputated for 
any reason, who may feel 
severe pain in the 


CN phantom limb (non- s 


" It depends on the fact that 
each receptor has a specific 
pathway to the sensory cortex 
where different parts of the 
body are represented. 

" Stimulation of a sensory 

pathway anywhere along its 

course to the sensory cortex 
produces sensation referred 
to the location of the receptor. 


existing limb) due to 
irritation of the sensory 
nerves at 
amputation. 


The discrimination of the sensation 
Intensity depends on the following 


a.The number of activated receptors This increases 
as the stimulus intensity is increased (recruitment 
of receptors). 

B. Ihe discharge frequency from the activated 
receptors: A high discharge frequency is 
interpreted by the higher centres as an increased 
intensity of the sensation. 

c. Ihe state of nerve centres: ln cases of CNS 
depression e.g. as a result of severe oxygen lack or 
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1. Which of the following is considered phasic receptors ? 
a. Golgi tendon organs. 
b. Free nerve endings. 
c. Baroreceptors in the carotid sinus. 
. Pacinian corpuscles . 
e. Warmth receptors. 


2. Which ts the correct answer regarding sensory receptors ? 

@a. Stimulus energy Is converted into a local depolarization. 
b. The generator potential is graded and self-propagating. 
c. A generator potential can be produced by only one form of 
energy. 
d. The frequency of action potentials generated doubles when the 
strength of the stimulus doubles. 
e. Serving touch sensation, constant supra-threshold stimulation 
causes action potentials to be generated at a constant rate. 
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SUGGESTED TEXTBOOKS D 


1.Guyton and Hall Textbook of Medical Physiology. 


https://www.amazon.com/Guyton-Hall-Textbook-Medical-Physiology/dp/1 
455770051 


2. Ganong’s Review of Medical Physiology, 25e. 


fth/dp/007182510X 


3. USLME step 1 lecture notes physiology 2017. 
https: drive. google.com/drive/folders/ 
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